Part 1．U 2 , U 2 @C 60 , C 60 and C 61
U 2
We have performed the geometry optimization on the neutral U 2 molecule at the BP86/ANO_ECP60MWB level. Also, we have done the PBE0 calculation as a test. Table   S1 shows that the U 2 molecule has a septet ground state, in agreement with the CASSCF/CASPT2 result previously reported S1 . Although the bond length of U 2 is underestimated at this level, it is consistent with the conclusion based on DFT method S2 . Table S1 | Total energy and bond length of neutral U 2 molecule at equilibrium geometry.
U 2 @C 60
We employed the ANO_ECP60MWB basis set on the uranium atoms and the 3-21G basis set on the carbon atoms and then performed full geometry optimization calculations for the EMF U 2 @C 60 . We only considered the most stable structure which Wu mentioned in his paper as a test S3 . Both BP86 and PBE0 functionals indicated that U 2 @C 60 has a septet ground state with the distance of about 2.70 Å between the two Uranium atoms (see Table S2 ). This result corresponds well to the DFT-based conclusions of Wu and Gagliardi S2,S3 . There is high spin density on the inner U atoms (spin= 6.3) and minor amounts of opposite spin transferred to the C 60 fullerene (spin= -0.3). The unpaired electrons are from the 5f of the two U atoms, in agreement with Wu's report S3 . The
Mulliken charge analysis shows each U atom transfers 2.27e unit of electronic charge to the C 60 fullerene cage. Also, we predicted the IR and Raman spectra of U 2 @C 60 at BP86 level ( Figure S1 ).
Absence of imaginary frequencies in the frequency calculations confirms that it is the real minima point. The symmetric U-U stretching mode is IR-inactive but Raman-active.
This signal is found at the frequency of 162.9 cm -1 in the Raman spectrum. The asymmetric U-U stretching mode is IR-active but its weak intensity is predicted at a The geometry optimization of C 60 and C 61 fullerenes were performed at BP86/3-21G level, and also with PBE0 as test. Both the two XC-fuctionals give the similar results. We have added a carbon ad-atom above a [6, 6] bond of the C 60 fullerene in order to form a defect structure. Geometry optimization shows that the C ad-atom breaks the [6, 6] bond and then bonds to the two neighbor carbon atoms. The defect can enlarge local space within the C 60 fullerene. From Figure S2 , on the one hand, due to the scission of this C-C bond (which formed a [6, 6] bond in the initial C 60 fullerene), the distance between them enlarged by 0.79 Å (from 1.40 Å to 2.19 Å) in C 61 fullerene. On the other hand, the bonding interaction between the ad-atom and its two neighboring C atoms causes the diameter in C 61 to increase by about 0.31 Å (from 7.02 Å to 7.33 Å) with respect to the original C 60 (Ih) along the direction of the defect. The maximum diameter of C 61 is found to be about 8.28 Å in its inner space (from the adatom to the opposite C-C bond, see Figure S2 ). The C 61 fullerene has a triplet ground state (see Table S3 ). Spin-polarized effect caused by adatom on graphene S4 and nanotube S5 systems have been studied in the previous reports. So, two of the four valence electrons of the adatom contributes to the bonding interaction, while the remaining two unpaired electrons of the adatom are spin polarized. As expected, the spin density contribution analysis shows that the adatom contributes significantly to the triplet spin state ( Figure S3 , spin=1.82 of the adatom). Table S3 | Spin multiplicity and total energy at the optimized geometry of C 60 and C 61 fullerenes. Figure S4 shows the calculated IR and Raman spectrums of C 60 and C 61 fullerenes at BP86/3-21G level. C 60 has four IR-active peaks with the frequencies at 473.0, 566.2, 1146.2, and 1423.8 cm -1 , which are qualitatively in agreement with the experimental data S6 . In C 61 case, due to the adatom on the surface, there exist two unique peaks at the frequencies of 1257.5 and 1353.6 cm -1 . The vibrational modes corresponding to these frequencies are asymmetric and symmetric stretching modes of the two C-C bond of the ad-atom respectively. Employing ANO_ECP60MWB basis set for U atoms and 3-21G basis set for C atoms, we have performed a series of calculations for U 2 , C 60 , U 2 @C 60 and C 61 systems using the BP86 XC-functional and also with PBE0 as a test. Results from the two functionals agree well with the conclusions reported before. Therefore, the BP86/ANO_ECP60MWB~3-21G method was chosen to perform the calculations for geometry optimization and other properties of U 2 @C 61 in the main body of the paper.
Part 2. Preliminary search for the ground state structure of the U 2 @C 61
In this part, for all the geometry optimization calculations of U 2 @C 61 isomers, the PBE0 functional in combination with 3-21G basis set for C and Stuttgart Relativistic Large Core ECP treatment with the corresponding valence basis set (with 78 core electrons and a contraction scheme (8s8p6d5f2g)/[5s5p4d3f2g] for the valence orbital) S7 for U was employed. The large-core RECP treated 5f to 7s atomic orbitals of U atom as valence orbitals. Although the results from this approximation may be less accurate in comparison to those using small-core RECPs, we can qualitatively and rapidly find out the minima structure among many isomers. We considered six different isomers of U 2 @C 61 . The choice of these isomers is based on the previous reports. Both the single U atom and the U 2 molecule are energetically favored to face the hexagonal units when they are encapsulated in a fullerene cage, such as U@C 82 and U 2 @C 60 . So, we have considered all the four possible orientations that the U 2 molecule can adopt while facing the two hexagonal units in C 61 fullerene (structure a1 to a4 in Figure S5 ). In Table S4 , the full geometry optimization results show that the total energy of the whole system is obviously lowered as a Uranium atom gradually approaches the defect. As a result, the distance between the two U atoms increases progressively. Then we have put one of the U atoms of the U 2 molecule directly in the defect area, and another one along the adatom-U direction as shown in structure b in Figure S5 . The frequency calculation on the optimized structure shows an imaginary frequency, implying a transition state of structure b. The direction of vibration corresponding to the imaginary frequency is depicted as a red arrow on structure b in Figure S5 . Based on this result, we can easily find the ground state structure c corresponding to the real minimum, in which the U atom in the defect region shifts below the centre of a six-membered ring. No imaginary frequency shows up in its frequency calculation. In Figure S5 , out of all the 6 isomers, structure c clearly shows the minimum energy at nonet. Table S5 | Calculated single point energies of all the six isomers at different multiplicities. These calculations were performed at BP86/ANO_ECP60MWB~3-21G level. Table S5 shows the single point energy of the six isomers. These data does not correspond perfectly to the relationship described in Figure S5 . This could be due to the fact that complete relaxation of the structures was not reached in these calculations.
However, it is obvious from Table S5 that among the 6 isomers, the structure c shows the lowest energy at nonet, which is in agreement with the results for geometry optimization. In fact, the structure a4 and structure c are very similar in geometry. In Table S5 , we find that the total energy of structures a4 and c are also very close but the structure a4 easily transforms into structure c when geometry optimization calculations using BP86/ANO_ECP60MWB~3-21G method are performed. Therefore, we re-optimized the structure c and then calculated a series of properties of this structure at the BP86/ANO_ECP60MWB~3-21G level reported in the main body of this paper. 
